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ABSTRACT
Dell's Direct Business Model and its global supply chain are the foundations of the company's
success. These strategies, however, bring about problems such as long inbound supply lead
times and hard-to-predict site-level forecasts which presents a challenge when managing supply.
Mismanagement of supply can lead to part shortages within the factories and subsequent product
delivery delays to the end customers. This study proposes a method of quantifying the cost of
these delays in a dynamic environment.
The first stage of this thesis seeks to understand the implications of part shortages to various
business groups within the firm. The second stage isolates and quantifies the major short-term
and long-term cost drivers for two types of customer groups: those who have already purchased a
system from Dell but are later notified of a delay (customer Type 1) and those who elect not to
purchase from Dell because the quoted lead times are longer then they are willing to wait
(customer Type 2). The final stage presents the project impact on several groups within the
company, including the procurement department, the factories and the customer-focused groups.
The results of this project demonstrate that shortage costs at Dell are variable and depend on
many factors such as the demand for parts, the lead time quoted to customers, the average selling
margin of each system and the location of the factory in which the orders are built. By creating a
process to quantify the cost drivers in this dynamic environment, each group within the company
is able to identify opportunities for improved decision-making and can explore the cost trade-offs
of various policy decisions to maximize benefit to both Dell and its customers.
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Chapter 1 Introduction
1.1 Background
Increasing competition in the global marketplace coupled with rising customer expectations has forced
many firms to re-examine their current supply chain strategies. Dell Inc. is an example of one such firm
whose expanding global supply chain has introduced a number of challenges, particularly in the areas of
demand forecasting and routing of inbound supply required for assembly.
To compete in this environment, Dell developed a material balancing decision tool to manage incoming
supply within its supply chain. This tool helps routing analysts identify opportunities to proactively
transfer material between campuses in order to reduce material imbalances (part shortages at the
facilities). So far, however, identifying these transfer opportunities using this tool has proved to be a
cumbersome and manual process. For the past two years, Dell has been working alongside J6r6mie
Gallien and John Foreman from the Massachusetts Institute of Technology (MIT) to develop an
optimization engine which automates the material transfer decision process.
This optimization engine proposes transfer decisions by assigning a shortage penalty to balance material
transportation costs. This shortage penalty was initially established using an empirical study to calculate
a fixed backorder cost. Although this fixed cost approach is suitable in a static environment, it is
unsuitable in Dell's dynamic environment.
The goal of this project is twofold. The first is to quantify the true financial impact of part shortages and
subsequent product stockouts. Once quantified, these shortage costs will serve not only as the "shortage
penalty" input to the material balancing decision tool, but also as a driving force to other business process
decisions. The second goal is to understand the major cost drivers that are affected by part shortages.
Once identified, these cost drivers can help the Dell team make more informed business and operational
decisions.
1.1.1 Company Overview
Dell Inc. (Dell) and its subsidiaries design, develop, assemble and customize products and services to
satisfy a range of customer requirements worldwide. Founded in 1984, Dell has emerged as the world's
leading direct-sale computer vendor.
Michael Dell, the company's founder, recognized that in the face of an already competitive PC landscape,
"it was too late to challenge the technical standard and the dealer network had been done already.
Compaq was already very strong in retail. A new marketing and distribution strategy was something
new, however. "' It was this notion that distribution could be Dell's competitive advantage that the basic
elements of Dell's Direct Model were devised (described in the following section).
Although it began as a PC company, Dell now offers a variety of products including servers and
networking products, storage devices, workstations, mobility products and software and peripheral
products such as printers, monitors, and projectors. These products are sold to two broad customer
segments: relationship buyers and transactional buyers. Relationship buyers are comprised of Fortune
2000 companies, government and educational institutions that can be relied upon to place repeated orders
for multiple systems. Transactional buyers are consumers or small businesses who make transaction-by-
transaction buying decisions, shop from a variety of vendors and use an array of information sources to
base their purchasing decisions (Viswanadham 2002).
These customers are served from manufacturing regions around the world; namely, the US, Ireland,
Malaysia, China and Brazil. In the US alone, Dell operates four manufacturing facilities (called Dell
Americas Operations): two facilities in Austin, TX, one facility in Nashville TN and one facility in
Winston Salem NC. These facilities are responsible for assembling, packaging and shipping final
products to many of Dell's customers.
Recently, Dell made the decision to re-enter the retail space for a second time since 1990 in hopes of
generating significant new business among PC customers who want to physically touch and feel a unit
before they buy. The company believes that many consumers prefer the benefits of this distribution
channel, as it enables them to comparison shop in the store, where they can receive hands-on
demonstrations and develop a greater sense for a product's capabilities and specifications 2. By entering
the retail channel, Dell has a further need to reevaluate its supply chain strategy, particularly in the area of
inventory management.
1.1.2 Dell's Manufacturing Model
Dell's manufacturing model was developed with the company mission in mind: "to be the most successful
computer company in the world at delivering the best customer experience in markets we serve" (Dell
1 Michael Dell quoted in John R. Halbrooks, How to Really Deliver Superior Customer Service.
2 Interview with Dell employee from Procurement department
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Corporate Website, 2008). This singular focus on the customer gave rise to Dell's well known Direct
Model strategy.
The Direct Model is the most efficient path to the customer, thereby forming the relationships required to
truly understand customer needs (Dell Inc.). By maintaining a direct line to its customers, Dell is able to
collect better sales information, respond quicker to demand, retain lower levels of inventory and maintain
a negative cash conversion cycle (by receiving payment for an order before paying suppliers for parts).
Three strategies provide the basis for Dell's Direct Model's continued success: build-to-order
manufacturing (BTO), Just-In-Time (JIT) and geo-manufacturing. Build-to-order manufacturing
eliminates of an entire layer of Dell's distribution supply chain, namely the retailers, who often add
confusion and cost. By eliminating the retailers, Dell can schedule customized builds when the orders
arrive, which permits Dell to employ the Just-In-Time (JIT) inventory strategy to reduce overall inventory
within its supply chain and to deliver products that the customers truly want.
Geo-manufacturing is a corporate initiative to "build close to the customer" which implies that Dell will
continue manufacturing in the many regions that it serves - as long as it remains economically feasible.
Geo-manufacturing remains a critical component of the direct model strategy because of its proximity to
Dell's customers which allows Dell to address local needs. Other major benefits of geo-manufacturing
include reduced outbound logistics costs and reduced customer lead times which improve sales and
customer satisfaction.
A prerequisite for the Direct Model's success is ensuring a constant influx of supply (at Dell, this is
referred to as continuity of supply). If Dell cannot access enough inventory to ensure constant supply
where and when required, many problems could arise. These consequences of missing supply
commitments form the basis of this study.
1.2 Thesis Motivation
The motivation of this project stems from a prior LFM thesis entitled "Multi-Site Inventory Balancing in
an Extended Global Supply Chain". Amy Reyner, the author of the thesis, helped to develop a tool called
Dynamic Replenishment which is used to identify optimal material transfer decisions within Dell's supply
chain. The key driver of the Dynamic Replenishment tool is a "shortage penalty" which is intended to
balance material transportation costs. This shortage penalty was initially established using an empirical
study which calculated a fixed backorder cost (discussed further in section 1.2.2). While this fixed cost
approach is suitable in a static environment, it is unsuitable in a dynamic environment such as Dell's. For
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this reason, the Dell executive team requested that these shortage cost estimated be substantiated. This
inspired my project aimed at determining the structure and value of shortage costs that reflect these types
of dynamic environments.
While conducting a quantitative analysis of these costs, it became clear that these cost estimates are
valuable not only for the Dynamic Replenishment project within the Procurement group but also for
additional business and operational initiatives within other Dell groups. These additional benefits are
discussed in Chapter 4.
The remainder of this chapter discusses the current routing process at Dell, including the optimization
engine that was developed to automate the Dynamic Replenishment tool. The chapter ends with a
literature review that highlights several established methods used to quantify shortage costs.
1.2.1 Current Material Routing Process
The fact that the majority of Dell's suppliers are located in Asia poses problems of long lead times and
forecast inaccuracy, presents a major challenge of managing inbound supply. Only when supply arrives
at its original US destination would Dell re-route supply as required between US facilities. As expected,
this adds significant supply chain logistics costs. The figure below illustrates that 90-day site-level
forecasts are expected for Dell's North American supply chain.
30 days by boat
I o-
-'' 2-3 weeks by rail
2-7 days by truck
%"-1-5 days by team truck
90-day weekly forecast
Figure 1: Dell's North American Supply Chain
c
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In response to this ineffectual routing process, Dell created "Dynamic Replenishment", a material routing
visualization tool that helps routing analysts identify opportunities to balance inbound supply among
campuses in order to fulfill demand. The Dynamic Replenishment tool opened up the possibility of
dynamically re-routing ocean-shipped material where needed, at the latest possible moment (72 hours
before material arrives at the US port). This cheaper option effectively reduces the forecast lead time
from 90 days to less than 15 days by allowing changes to supply destination once demand forecasts are
more accurately known (Reyner 2006).
Besides diversions, Dynamic Replenishment also identifies other routing opportunities such as supplier
hub (SLC) transfers, expedites and scheduled inter-facility transfers (known as red-balls). When these
opportunities are identified early, material can be transferred proactively via cheaper options rather than
reactionary, via often more expensive options. Although the aggregate amount of supply cannot be
adjusted at this late point in the supply chain, Dell is able to match incoming supply with demand at each
of its facilities more effectively, thereby reducing overall transportation costs. The image below
demonstrates the impact of routing decisions on Dell's supply chain.
Lead time between
1 and 4 days for all
routes and modes. /
% I
I'I S%
Routing Decision
Point
Figure 2: Routing Decisions
Dynamic Replenishment pulls information about current inventory levels, demand forecasts and supply
arrivals at each of the campuses. This information is displayed conveniently on a single screen whereby
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the analyst is easily able to identify opportunities for transfers, expedites or diversions (refer to the figure
below).
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Each color represents a different location (there were four in total). These colored areas also
provided space for comments so that the status of transfers and diversions could be noted. During
the pilot, there were a total of 20 parts to be managed at each of the four locations.
Figure 3: Critical Elements of the Material Balancing Model (Reyner 2006)
Although Dynamic Replenishment is a useful tool for identifying material balancing opportunities, it is
extremely manual and requires a routing 'expert' to formulate decisions based on the information
displayed. Since the completion of Reyner's project in 2006, Dell has continued to work alongside MIT
to develop an optimization model aimed at automating the decision process. This optimization model is
described in the next section.
1.2.2 Automated Routing Decision Tool
The optimization engine is essentially the "brains" behind the Dynamic Replenishment tool. When run,
the model automatically identifies potential material routing decisions (transfers, expedites, diversions)
1 INOI NW EN
Currently
AvailableInventory
l iiiiiI
over a two-week planning horizon. The routing analyst then initiates short-term routing decisions
(typically for the next few days).
In words, the optimization model determines how much money to spend on transportation to avoid
potential material shortages. Based on this shortage penalty, the model suggests a series of expedites,
transfers and diversions to avoid these shortage situations. The preliminary optimization model is
described schematically as follows (Foreman 2008):
Minimize Objective:
1. Transportation costs +
2. Expected shortage costs = fix Expected shortages x days
t l
By Changing Decision Variables:
1. Container diversions;
2. Container expedites (rail, single truck, team truck);
3. Part transfers (full truck, scheduled inter-facility transfers, airfreight);
Subject to Constraints:
1. Container location (diversions, expedites);
2. Transportation delays and schedules;
3. Inventory availability (transfers);
Where, f is the cost for one unit shortage for one day and V, is the expected number of shortages on day
t at location I.
This model uses the concept of "shortage days", which is the number of units short times the number of
days of the shortage, and then applies a backorder penalty (03) to the number of shortage days to yield a
linear cost function. Although this method employs a similar approach to that of many academic models
(see section 1.3), there are two unrealistic features of this method that prevent it from being accepted at
Dell.
The first problem is the notion of a shortage day. The model does not consider the duration of the delay
when calculating shortage days. For example, according to the model's definition of a shortage day, the
following two cases are equivalent:
Case 1: 1,000 parts short for two days = 2,000 shortage days
Case 2: 100 parts short for 20 days = 2,000 shortage days.
In reality, the impact of the above two cases is very different. On average, the Case 1 customers are more
willing to accept a delay of two days for their orders than their Case 2 counterparts who will have to wait
20 days longer to receive their orders. The impact of being 20 days late is greater than the impact of
being two days late but the above approach does not take this into account. The model, using the method
above, would simply apply a penalty (3) to the total number of shortage days (regardless of the duration
of the shortage) to yield a linear relationship. The model needs to take into account the duration of a
shortage so that it applies a greater penalty for orders that will be 20 days late and a lesser penalty to those
orders that will be two days late. Figure 4 below illustrates the difference between linear and non-linear
behavior.
Figure 4: Linear vs. Non-Linear Cost Approximations
This exposes the second problem which is the estimated backorder penalty used in the model. For this
preliminary optimization model, the backorder penalty, 3, was computed based on a historical study
which emulated past transfer decisions made by Dell's routing analyst. The steps of this study are
summarized below:
* Information was gathered for past transfer decisions including the cost of these transfers;
* The initial number of expected shortage days was calculated (prior to the transfers);
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* Once the transfers had been initiated, the expected number of shortage days was calculated
again. This was used to determine the acceptable number of shortage days;
* From many similar cases, the transportation costs were plotted versus the corresponding
reduction in shortage days. From this it was possible to determine how much Dell is willing
to pay to reduce shortages by one day;
* The backorder penalty, 03, was the slope of the resulting regression curve.
The above study assumed that the decisions made in the past were reflective of the acceptable service
levels that Dell is trying to achieve with its delivery targets. Although this study captured Dell's implicit
historical value of a shortage, it did not challenge Dell to improve the way they spend their money or to
appreciate what shortages are truly costing the company. Dell executives recognized the need for an
accurate estimate of part shortages and so requested that a quantitative study be conducted to determine
the true cost of a shortage in Dell's environment.
1.3 Literature Review
According to Hopp and Spearman (2001), there are two basic ways to penalize poor customer service.
One is to charge a cost each time a demand cannot be filled from stock (i.e. a stockout occurs). The other
is to charge a penalty that is proportional to the length of time a customer order waits to be filled (i.e. is
backordered). Classical inventory theories such as the newsvendor model suggest that stockouts generate
a one-time revenue loss due to the lost sale. Calculating the stockout cost for these types of static models
is relatively easy; it is just the margin of the unit times the number of units that are short (time is not a
consideration with these types of models). A simple example of how shortage costs are used in a typical,
single period (newsvendor) inventory model is outlined below.
A firm procures Q items (order quantity) at unit cost c,. Supplier's demand is
represented as a continuous random variable X with probability density function
f(x) and cumulative distribution function F(x). If actual demand x is less than Q,
the firm incurs a unit holding (or overstocking) cost cH. On the other hand if x is
greater than Q, then the firm incurs a unit shortage (or understocking) cost cs. The
parameter cs represents the case in which shortages are either completely
backlogged or completely lost (i.e. all shortages include lost sales penalties).
Another method proposed to quantify shortage costs is discussed in a study conducted by Oral, Salvador,
Reisman and Dean (Oral, et al. 1972). In this study, Oral et al. defined a shortage cost as the cost incurred
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as a consequence of a stockout, that is, when the demand cannot be fully and immediately satisfied due to
a stock shortage. To quantify the shortage cost, Oral et al. considered the consequences of a stockout, in
terms of both the supplier and the customer, and delineated these consequences in such a way as to reflect
all of the conceivable decision alternatives and consequences following a stockout. Applying this
decision tree formulation to a simplified case where a customer is informed that his online order has been
delayed, he has the following options:
Cancels his order
Accepts the delay
Buys the same product from the grey market
In each case, the customer has another option of whether to purchase from this same online store in the
future. This long-term decision to repurchase is referred to as goodwill and will be discussed below.
Once all the possible alternatives have been mapped, the total expected shortage cost (S) can be calculated
by estimating the probabilities of each event (P,,) and the cost associated with each event (C,).
(
'CT
R
CAT
After analyzing each node, we can calculate the total expected shortage cost (S) as:
S = Pc*(PcRCCR + PCTCCT) + PA*(PARCAR + PATCAT) + PB*(PBRCBR + PBTCBT)
CBr
Where:
* Pc is the probability that the customer will cancel the order;
* PA is the probability that the customer will accept the delay in the order;
* PB is the probability that the customer will buy from elsewhere,
* Cc is the cost of the cancellation (which amounts to the lost profit that the company would
have made on the order);
* CA is the cost of accepting the delay (which, in the short term, is essentially $0);
* Ca is the cost that the customer would buy from elsewhere (this is the cost of the lost profit
that the company would have made on the order);
* PcR is the probability that the customer would return in the future after cancelling the order
now;
* Pcr is the probability that the customer would not return following a cancellation;
* PAR is the probability that the customer would return in the future after accepting the delay
now;
* PAT is the probability that the customer would not return in the future even he accepts the
delay now;
* PER is the probability that the customer would return in the future after buying from elsewhere
now;
* PET is the probability that the customer would not return in the future once he buys from
elsewhere now;
A great deal of empirical work is required to evaluate all the components of the above model (the
probabilities and the financial impact of each of the steams).
The key differentiator between my method and the methods described above (the newsvendor model and
the decision tree model) is that I consider a dependence on the number of days late, whereas the above
models do not. The shortage cost estimates required for the optimization model must be function of time,
therefore the above methods could not be used.
The expected shortage cost component of the preliminary optimization model introduced in section 1.2.2
applies the concept of a backorder cost rate that is used in academic models as a way to penalize poor
customer service. According to Hopp and Spearman (2001), "a backorder cost is a penalty that is
proportional to the length of time a customer order waits to be filled (i.e. is backordered)". This penalty,
which is used in various inventory models is charged at a constant rate, proportional to the number of
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units in backlog, i.e. ($/unit/time). Federgruen and Zipkin, in their study entitled "Approximations of
Dynamic Multilocation Production and Inventory Problems" (1984), also state that the costs incurred
when demand is unfilled at each location are linear in nature. As mentioned in section 1.2.2, the problem
with applying a fixed cost per unit per time (indicating a constant slope) is that it does not take the
duration of a shortage into account. In reality, the penalty should be greater for items that have been in
shortage for longer.
One cost which has been alluded to earlier is the cost of goodwill. This cost must be considered in both
static and dynamic models and it stems from dissatisfied customers who may choose not to purchase from
the company in the future which in effect, will reduce the future demand for the company's products.
These dissatisfied customers may also talk to their friends and, through word of mouth, may tarnish the
reputation of the firm which again, could result in reduced future demand (and therefore profits).
It is widely accepted that product unavailability, for no matter what reason, incurs a goodwill cost that
may be difficult to estimate (Aksen 2007). Graves (2002) suggests that the loss of customer goodwill will
manifest itself in terms of reduced future sales. According to Graves, this lost sales cost is difficult to
quantify as it represents the future unknown impact from poor service today.
Several studies have been conducted to quantify this intangible cost of lost customer goodwill. One such
study conducted by Aksen (2007) proposes a method to quantify customer goodwill loss due to
unsatisfied demand in lot-sizing problems. In this study, customer goodwill is represented as a reduction
in original demand (Effective Demand = Original Demand - Demand Lost from the Goodwill Effect). The
amount of goodwill loss in period t depends on the size of lost sales in the previous period (t-1) relative to
that period's original demand. The larger percentage of original demand in (t-1) is unsatisfied, the larger
percentage of original demand in (t) will be lost due to goodwill. This can be represented in the equation
below.
ft x Shortage in (t - 1)
Goodwill loss in (t) = x Original demand in (t)Original demand in (t - 1)
where f(0 < fl < 1) is a known coefficient indicating the rate of goodwill loss.
As the above representation of customer goodwill loss implies, the impact of a single period on the
demand of the first succeeding no-loss period is likely higher than the impact of two or more consecutive
loss periods. A successive series of loss periods eventually makes a diminishing impact. Although this
seems counterintuitive, Aksen, in his study "Loss of Customer Goodwill in the Uncapacitated Lot-Sizing
Problem" explains that:
"We ascribe this counterintuitive situation to two reasons. First one is the short time span
of goodwill impact. No matter how much demand is lost in the current period, its effect
is felt only in the next period. Secondly, as shortages pile up in consecutive periods,
effective demand in the last loss period shrinks....The lesser effective demand in the last
loss period is, the lesser possible shortage can happen, thus the smaller goodwill loss
arises in the first no-loss period".
It is implied by the above study that the impact of customer goodwill is seen only in subsequent periods
and not at the time of the impact. In the words of Schwartz (A New Approach to Stockout Penalties
1966), "The effect is incurred not at the time of the incident, but subsequently, due to the customer's
decision to alter his future course of action. It is the demand experienced in the future, not the expense
incurred at the present that is affected by goodwill". For the purposes of this study, given the imposed
time constraint, only the immediate financial impact of shortages is considered, and the long-term effects
are ignored.
1.4 Thesis Structure
This thesis is organized into five chapters:
Chapter 2 provides the definition of a "shortage" that is used throughout the paper. This section also
examines the various causes of shortages within the supply chain.
Chapter 3 discusses the consequences of shortages to various groups within Dell as well as the impact on
the company's bottom line. The cost parameters which form the basis of the shortage penalty are
identified and evaluated using statistical methods. This chapter also describes the dynamic cost model
developed to aggregate many of the identified cost factors and link these factors to "lateness".
Chapter 4 discusses the project impact on the Dynamic Replenishment initiative as well as on other
decision processes across Dell. An example test case is presented to explain how the shortage costs are
used.
Chapter 5 proposes recommendations for future study opportunities and presents the conclusions of this
study.
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Chapter 2 Assessing the Shortage Situation
This chapter provides the working definition of a part shortage and a product stockout which are used
throughout this paper. This chapter also examines the various causes of shortages within Dell's supply
chain.
2.1 Shortage Definition
Dell defines a shortage situation as one in which there is insufficient material available for the factories to
build scheduled customer orders. The equation used to determine the net inventory position is:
AVL+/- = NOH + SLC - Backlog (1)
where NOH is the net on-hand inventory in the facility; SLC is the inventory available in the nearby SLC
(Supplier Logistics Center); Backlog is the accumulation of unfulfilled orders that require the specific
part; and AVL÷- represents the amount of inventory available. The net inventory position can either be a
positive number (AVL÷) indicating that supply is available (i.e. no shortage), or it can be a negative
number (AVL) indicating that there is insufficient supply available (shortage situation).
To avert shortage situations, Dell attempts to preserve a positive net inventory position by maintaining a
set level of buffer stock (or DSI) within its Supplier Logistics Centers (SLC). The figure below
demonstrates that suppliers "push" inventory to the SLCs based on set levels required to meet the demand
at a given service level. Dell communicates these inventory levels to its suppliers on a weekly basis. On
the demand side, the Dell factories "pull" inventory from the SLCs as needed based on incoming
customer orders.
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Despite Dell's inventory management practices, part shortages do occur (the causes of part shortages are
outlined in the following section). When the factories do not have access to required parts, they may be
required to place multiple orders on backorder which can delay customer deliveries. This situation is
similar to a stockout, which occurs whenever a firm cannot satisfy customer demand on time because of a
temporary shortage of the items demanded (Liberopoulos and Tsikis 2007). A stockout may incur an
immediate, direct cost to the firm, as well as a future, indirect cost, depending on whether customers are
willing to accept deliveries at a later date (Winston 2004). These direct and indirect consequences of
delays are explored in detail in Chapter 3.
2.2 Possible Root Causes
As equation (1) implies, part shortages are caused by an imbalance between demand and supply; when
Backlog (demand) exceeds available supply: NOH + SLC. This imbalance is due to variability in either
demand or supply and the sources of this variability are discussed below3.
Sources of Demand Variability
The first source of demand variability is sales variability, particularly for items that prove 'hotter' than
expected thereby increasing the number or orders placed (overselling). In these cases, insufficient supply
has been ordered to meet demand and the firm cannot get access to additional supply in a timely manner.
A similar instance of sales variability occurs during new product introductions when it is difficult to
predict demand accurately.
A second source of demand variability occurs when products are at their "end-of-life". In these cases,
forecast teams may overbook the countdown number for these products which could lead to product
stockouts. Also, end-of-life products are often placed on promotion where discounts are offered to
customers. Although the intent is to increase demand for these products by offering lower price
incentives, sometimes the extent of the demand is misjudged either because individuals from the same
customer segment order more units or, all of a sudden, the product now appeals to a different customer
segment altogether.
Sources of Supply Variability
The first source of supply variability stems from forecasting error. Even though it is widely known that
"forecasts are always wrong" (Simchi-Levi, Kaminsky and Simchi-Levi 2006), this forecasting error is
3 Sources of supply and demand variability modified from Dell's "Cheat Sheet for Shortage Root Cause Definitions"
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amplified by the fact that many of Dell's suppliers are in Asia which lengthens the lead time of inbound
supply due to long ocean transit times and which could result in part shortages at the facilities.
A second source of supply variability is supplier default. In Dell's supply chain there are three main
groups that could default: the first is its direct suppliers, the second is its logistics carriers and the third is
its suppliers' suppliers.
Dell's suppliers could default in three ways. The first is if the supplier is not being flexible enough to
provide to Dell's forecasts - especially during upsides. Several reasons for supplier inflexibility include
overall capacity constraints within the supplier factories and unique tooling issues which can slow down
the supplier's manufacturing processing speed. The second way that a supplier could default is by de-
committing to a shipment whereby either the supplier does not ship material as planned (either specific
quantity or a specific date) or the supplier pulls inventory from the hub (SLC) for another original
equipment manufacturer (OEM). The third way that a supplier could default is by providing poor quality
parts due to a problem with their manufacturing process. Receiving poor quality parts could result in a
line shut down, a stop ship (to prevent a poor-quality shipment from delivering to a customer), a
worldwide recall of hub inventory, a recall of currently shipping products, or product rework in-transit to
or at Dell factories.
If Dell's logistics carriers default, this would cause a delay in delivery of materials to a factory or a hub
(SLC). Reasons why logistics carriers could default include hold-ups at customs, miscommunication
between the driver and logistics center, or environmental disasters which could cause transportation
delays.
If Dell's suppliers' suppliers default, this could result in similar problems for Dell's direct suppliers as
those listed above. Also, if upstream suppliers default, this could initiate an overall supply shortage in the
global marketplace which could place products on limited supply allocation. In this case, firms may not
have secured sufficient supply with their manufacturers to meet demand.
A third source of supply variability is caused by "engineering holds" which result in shortages due to
design or engineering related issues (at Dell or at its suppliers) which could affect product safety, quality
or functionality. Engineering holds can cause a line shut down, a stop ship (to prevent poor-quality or
unsafe shipments from delivering to a customer), a worldwide recall of hub inventory, a recall of
currently shipping products, or product rework in-transit to or at Dell factories.
A fourth source of supply variability stems from material imbalances between facilities in different
geographical regions. Possible reasons for material imbalances include inaccurate site-level forecasts
which would affect initial allocation of supply as well as part consumption rates at certain facilities;
redistributing orders to alternate facilities which, in essence, modifies site-level forecasts and uses up
supply that is currently available but may affect future supply; and inventory accuracy issues which
implies that all parts (or possible substitutes) are not actually available as initially expected.
Clearly, there are many sources of variability that cause imbalances between demand and supply which
leads to part shortages. According to Vinod R. Singhal, a professor of management at the Georgia
Institute of Technology, a part shortage is among the most financially damaging type of disruption.
Professor Singhal also stated that it is not clear if there is much awareness of how significant the cost
penalty can be when shortages occur (Foster 2005). A considerable portion of the cost arises when a part
shortage leads to a product stockout. In these cases, if manufacturing facilities do not receive the parts in
time to build the system, they cannot ship it out to the customer by the promised date.
Chapter 3 discusses the consequences of part shortages and subsequent product stockouts. The chapter
also highlights a method to quantify these shortages in Dell's dynamic environment.
Chapter 3 Consequences of Shortages
This chapter begins with discussion of the consequences of shortages to various groups within the
company as well as to Dell's business as a whole.
This chapter continues by measuring the cost impact of part shortages on the identified groups; namely,
the factories, and customer-based groups. It is these costs that affect the "Expected Shortage Costs"
component of the model's objective function.
To capture the effect of shortages to Dell's factories and customers accurately, a comprehensive analysis
was performed spanning three fiscal quarters of historical data (nearly 27 million records). From this
analysis, the leading cost factors were identified and relationships were drawn between these cost factors
and "lateness". The project fishbone diagram in Appendix B identifies many of the data sources queried
during the course of the study.
3.1 The Effect of Shortages on Dell's Organizations
Efforts to model the cost of shortages in Dell's environment consisted of talking to many different groups
within the company to understand each of their responsibilities, to collect relevant data and to understand
the shortage impact and severity for each of the groups. The following groups were interviewed: DAO
Demand Supply, the Ops Cell team, World Wide Procurement and Logistics, Customer Care, Customer
Experience, Center of Competence and Finance (refer to the project organization chart in Appendix C).
The responsibilities of each group are defined below.
DAO Demand / Supply - This team, which is primarily organized by commodity, is responsible for
forecasting weekly demand projections, tracking large orders, planning for product transitions, setting
material lead times based on supply availability, and creating "Demand Supply" reports which compare
supply commits to demand at the part and site level for the upcoming weeks. These reports are used to
determine if any parts need to be put "on extended lead time" (discussed in section 3.3.3), indicating that
any customer order requiring that part will be delayed by a given amount of time (extended lead time).
The demand / supply team does not bear any significant costs during part shortage situations.
Ops Cell - This team was formed to centralize management of manufacturing operations. It combines the
functions of production control (PC), strategic material planners (SMP) and strategic capacity planners,
which are all centralized in Austin, TX, and the individual operations centers which exist at each site
(refer to the figure below).
Figure 6: The Ops Cell Organization4
The function of the centralized Ops Cell team is to plan and schedule DAO orders from a central location,
to review and direct capacity and staff plans based on sales plans and geo forecasts, to act as a command
center in event management and to ensure that all factories' supply needs are met on an hourly basis by
tracking inventory levels. The function of the individual CE/Ops centers is to provide a single point of
contact for sales to communicate customer escalations and critical orders.
When supply is delayed, the factories may experience disruptions to production flow because they are
staffed for a planned daily production-rate (units per hour). In some cases, the supply shortage may lead
to factory downtime (while staff is waiting for parts), and subsequent overtime when the parts do
eventually arrive. Each of these factors has an associated financial impact which is discussed in section
3.4.
World Wide Procurement (WWP) - This group is responsible for the high-level design and strategic
management of the entire supply chain. Its functions include establishing the supplier base, negotiating
supplier contracts and pricing, and allocating a percentage of Dell's total purchases to each supplier. The
organization is structured by commodity manager and each commodity manager must understand where
all components, sub-components, and raw materials come from and must also establish action plans in the
event of supply disruptions. WWP works closely with the Supply Chain Command Center (SC3) and
logistics teams who are responsible for tracking and reporting the status of incoming supply and initiating
corrective actions when immediate issues arise. Examples of corrective actions include initiating and
coordinating site-to-site material transfers and expediting or diverting supply where needed.
During component shortages there are both inbound and outbound procurement costs to consider.
Outbound costs are incurred when Dell has to expedite shipment to its customers to meet the committed
delivery date. Inbound costs include the cost incurred to transfer material by truck, rail or air between
facilities. These inbound costs are negotiated costs between Dell, its suppliers and its logistics carriers
and are clearly defined. These procurement costs have already been taken into account in the
4 DAO Manufacturing: Operations Cell (Dell Supply Chain Slide Deck "Delivering on the Promise")
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"Transportation Costs" component of the objective function defined in section 1.2.2 and so will not be
detailed in this study.
Customer Care - This group is responsible for supporting issues pertaining to order status or delays, order
cancellations, product returns, and change of address concerns. During product shortages, this team is
responsible for dealing with frustrated customers by either contacting the customer directly by email or
phone, or by receiving calls from these customers. This team must also decide whether to provide
concessions to these customers in order to save the sale. Each of these decisions incurs a direct
operational cost which is discussed in section 3.3.
Global Consumer Customer Experience and Services (CCES) - This group is responsible for
continuously improving the way Dell interacts with its transactional customer base from sale to end of life
of the product or service. One of the group's major initiatives is customer retention so one cost that is of
concern to this group is "likelihood to repurchase"; or, in other words, if Dell disappointed a customer
today (i.e. by missing a delivery date), what would it cost Dell in terms of future lost sales from this
customer and what is Dell willing to pay in order to retain this customer? The cost of likelihood to
repurchase is discussed in section 3.3.1.
Americas Center of Competence (CoC) - This is the centralized marketing organization that provides
support to various sales segments in the areas of product management, pricing, demand/supply, sales and
marketing forecasting. This group is also responsible for demand-shaping actions that attempt to match
demand with anticipated supply. This allows Dell to maximize sales opportunities and minimize risk (i.e.
pointing customers away from items on shortage).
Finance - This group is responsible for managing the firm's resources so that it can meet its goals and
objectives. For this study, the finance team provided information pertaining to expedite spend,
operational expenses, product revenues and margins and factory labor costs.
The outcome of these interviews suggests that each group is affected by part shortages but the majority of
the consequential costs are incurred by the factories (Ops Cell), logistics (WWP) and the customer groups
(CCES, Customer Care and the CoC). The impact of part shortages is best described by referring to
Dell's order timeline below, which explains how this impact is distributed between the groups.
Supply ConstraintIAffects IP -TP
Order Entry In Production Traveler Pull Ship Complete
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Figure 7: Dell Order Timeline
The customer places an order on the Order Entry date (OE) and is given a preliminary estimated ship date
(ship-to-commit date). This customer expects to wait (OE - STC) before the order ships out of the
factory. Before the order can be built, the customer payment must get authorized which can take
anywhere from zero to ten days (OE - IP) depending on the method of payment (credit card, purchase
order, check, etc.). Once authorized, the order is technically ready for build, provided that all required
parts are in inventory at the build facility. If a part is missing (supply constraint), the factory will
continue working on other orders until the part arrives. When parts are finally in stock, the order is
considered a traveler pull (TP) and is ready for build. Once the order has been built, packaged and is out
the factory door to be delivered to the customer, it is considered a ship complete (SC).
In most cases, the STC date promised to the customer aligns with the ship complete (SC) date and the
order ships on time. In certain cases, such as that shown in Figure 7, the order is delayed somewhere in
the timeline which prevents it from shipping on time (by STC). This paper studies the cases where orders
are delayed due to supply constraint (affecting the distance between IP and TP).
3.2 The Effect of Shortages on Dell's Business
The order timeline (Figure 7) in the section above reveals that customers expect their orders to be shipped
by the STC date and collective groups within Dell work around the clock to ensure that all orders meet
this date. There are times however, when orders "miss STC". Several reasons for missing the target ship
date include scheduling errors, payment authorization hold-ups, work-in-process inventory issues,
engineering holds and failure to predict supply constraint incidents. This study focuses on the last case -
when orders miss STC because the team does not have adequate information to effectively identify supply
shortages in advance.
y ranimilerP Ship Date (OE- STC) s
Throughout the project, Dell was amid a worldwide supply shortage crisis that began toward the end of
the first quarter of fiscal year 2008. To determine the severity of this shortage and the impact it had on
ship-to-commit misses, I conducted a study using data from the beginning of the fiscal year until the
middle of the fourth quarter.
The graph below illustrates that as the year progressed, the proportion of STC misses caused by supply
shortages increased. This is not surprising, given that the industry was suffering from a worldwide
shortage crisis.
Figure 8: Proportion of STC Misses Caused by Supply Constraint
This significant increase in the contribution of supply constraint issues on STC misses inspired an internal
effort to manage the negative effects.
When considering the impact of a missed ship date, it is important to consider by how long the order
missed its STC date. Clearly, there is a larger financial impact if a customer receives his/her order one
day late versus thirty days late. The graph below shows the distribution of STC misses over the first three
quarters of fiscal year 2008.
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Figure 9: STC Miss Distribution (Feb. - Oct.)
The above graph illustrates that, among the orders that missed STC between February and October (the
first three fiscal quarters), more than 90% of orders were shipped out within a week of their STC date. If
we drill down to a specific month during the heart of the shortage crisis, the results are very different. In
July, the STC miss distribution (Figure 10) shows that orders shipped out to the customer later, on
average.
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Figure 10: STC Miss Distribution (July)
Finally, to examine the response to the shortage situation, it was useful to analyze the amount spent
expediting supply over the course of the year. From the graph below, although the exact numbers are not
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displayed, it is clear that the average amount spent to move parts pre-shortage crisis was significantly less
than the amount spent during the crisis. Once the crisis hit, Dell was forced to use more expensive means
of transferring supply (i.e. team trucks and air freight) in order get the orders built and delivered on time.
Figure 11: Trend of Expedite Spend (Feb. - Oct.)
Despite the amount of money spent, there were still a significant number of STC misses which resulted in
negative backlash from customers. The following comment posted on the Dell blog is indicative of
customer sentiment:
"Please cancel my order. The delay in sending the computer is unacceptable. It was
supposed to be a graduation present for my son who is starting college. There is no way
it would be here in time before he has to leave due to the continued delays. We are very
disappointed and will not be likely to order from Dell anytime in the future".
For this particular incident, both short-term and long-term costs were incurred. Short-term costs included
the operational costs associated with receiving calls and spending on-the-phone time with this customer
and placing outgoing calls to this customer informing her of the delay. A second short-term cost was the
lost profit from the cancelled system, its peripherals and service plans. The long-term cost implication
stems from the comment "...and will not likely order from Dell anytime in the future" which is indicative
of lost customer goodwill. Costs associated with lost goodwill (as explained in section 3.3) include lost
future profits from this particular customer as well as any other potential customers who may have been
dissuaded from purchasing from Dell because of the negative word-of-mouth effects.
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3.3 Quantification of Customer Costs
There are two types of customers whose responses must be evaluated when considering the impact of
shortages. The first type of customer, Type i, is one who has already purchased a system, but has later
been informed that the order is delayed. There are five costs that Dell incurs from Type 1 customers:
1. Operating cost of making outbound calls to customers informing them of the delay;
2. Operating cost of receiving calls from annoyed customers;
3. Cost of concessions provided to irritated customers in order to save the sale;
4. Cost of lost profits should customers choose to cancel their orders; and
5. Cost of goodwill (future likelihood to repurchase), which affects future profits.
The second type of customer, Type 2, is one who was planning to buy from Dell until he/she noticed
unacceptably long lead times. This may deter the customer from purchasing this system which
diminishes both short and long term profits. Responses from both of these customer types must be
considered to accurately reflect the true impact of a shortage.
The flowchart below was designed to help consider the cases when each of these customer types is
impacted.
Figure 12: Customer Impact Flowchart
If a part shortage is imminent, the demand/supply team works with the Center of Competence (CoC) to
determine whether the systems that depend on the particular part should be put on extended lead time
(additional time required above standard lead time). If systems are put on extended lead time then Dell
must consider the impact from customer Type 2 responses (described in section 3.3.3).
If the shortage places orders at risk of missing their ship-to-commit (STC) date then customer Type 1
responses must be considered. The response behavior of customer Type 1 depends on both the number of
days late (the longer the order is delayed, the more severe the consequence) and on the customer segment
affected. As mentioned in section 1.1.1, Dell conducts business with two customer segments:
transactional customers and relationship customers.
Transactional customers are consumers or small businesses who make transaction-by-transaction buying
decisions. The typical order size of a transactional customer is one to five systems. Relationship
customers are comprised of large companies, government and educational institutions. The typical order
size for relationship customers is much larger than that of transactional customers (ranges from one to
over 500 systems). Due to the disparity in purchasing behavior of these two customer segments, it is
necessary to consider the impact of their responses to delays separately (as denoted by the separated
streams in Figure 12).
Statistical analysis was conducted to formulate relationships between each of the Type I and Type 2 cost
factors and "lateness". These relationships, drawn from historical data, were useful for predicting future
customer behavior which could then be used as inputs to the Dynamic Replenishment optimization
model. Responses of Type 1 and Type 2 customers as well as the impact of each response are discussed
in the following sections.
3.3.1 Customer Type 1 Cost Factors
To recap from the previous section, Type 1 customers are those who purchased their systems from Dell
and were later informed that their order was delayed. There are short-term and long-term costs associated
with the responses of these annoyed customers and the severity of these costs depends on the length of the
delay.
Short term costs are incurred from the operational expenses of inbound and outbound calls, from
concessions offered to appease customers in an attempt to save the sale, and from the lost profits should
customers choose to cancel their orders. Long term costs are incurred in the form of lost customer
goodwill which affects future potential sales (profits) because these customers will not be likely to
purchase from Dell in the future.
To evaluate the short term costs, I conducted a study using historical data over nine months (three fiscal
quarters) containing information on general customer responses such as cancellations, inbound calls and
outbound calls. The original dataset contained over 27 million records in aggregate so I had to apply
filters to the query to break it down into individual months and lines of businesses (product types). I also
only considered orders that were greater than $0.
The following fields were combined from two databases to construct the original dataset. The linking
field of the two databases is the Order Number:
Field Explanation
Product Description This field indicates which line of the business was ordered.
This field indicates the revenue that Dell received for the order. OnlyOrder Amount fields that were greater than $0 US were considered.
This field is a unique identifier used to associate individual customerOrder Number
orders to call log information.
This field determines the location of the order in the order timeline - IP,Order Status TP, SC or CL (cancelled).
For cancelled orders, this field describes the reason the customer
cancelled the order. There are many reasons why customers may choose
to cancel their orders such as they ordered the wrong item, they have
insufficient funds to pay for the orders, they want to change their selected
Cancellation Reason Code payment method, they no longer want the product, or they no longer
want to wait for the delayed product shipment. This study focuses on
cases where the orders were cancelled due to long lead times; when
customers were unwilling to wait for the delay. Therefore, only the reason
codes that indicated that the cancellations were customer-initiated and
due to long wait times were considered.
This field indicates which customer segment the order belongs toLocal Channel Code (relationship or transactional customers).
Order Date This is the date that the customer placed the order.
This is the ship-to-commit (STC) date promised to the customer when theShip by Date customer initially placed the order.
Shipped Date This is the date that the order actually shipped out to the customer.
Current Estimate Ship This is the updated ship date to the customer. In the event of a delay, this
Date date is later than the Ship by Date.
Estimated Date Revision This is the number of times that the order was delayed and an updated
Count ship date was provided to the customer by way of an outbound telephone
call. This field is also referred to as Number of Outbound Calls.
Journal Create Date This is the date that an inbound call was received from a customer.
This field indicates the reason for the inbound call. For the purpose of the
Call Profile Cause study, only reasons that could be attributed to long lead times, delivery
issues, status calls and concessions were considered.
From this original dataset, I calculated the following additional fields:
Individual analyses of these cost factors are discussed below.
Cost of Lost Profits from Cancellations
When customers choose to cancel their orders, Dell incurs a loss in current profits. To determine the
general cancellation response, I used the dataset defined above to summarize the total number of orders
that were zero days late, one day late, two days late etc. and compared them to the number of orders
during that time period that were cancelled after zero days, one day, two days etc. It was possible to then
determine the percentage of orders that are cancelled for each subsequent day late. From here I could
determine the lost profit by relating the probability of a cancellation with the average sales margin of the
cancelled system.
With the dataset above, I created a pivot table to determine the total number of orders that were j days
late, where 0 5j 5 999 and the number of cancellations that occurred after beingj days late. An example
of the pivot table output for a particular product line and particular month is shown below (data is masked
to maintain confidentiality).
Additional Fields Explanation
This is the difference between the Order Date and the Ship by Date
Original Lead Time which indicates the number of days that the customer expects to
wait for the order.
This is the difference between the Order Date and the Current
Updated Lead Time Estimated Ship Date. This is the updated number of days that the
customer must wait due to the order delay.
This is the difference between the Original Lead Time and the
Updated Lead Time. On the order timeline (Figure 7), Days Late
refers to the amount of time (in days) between the ship-to-commit
Days Late (STC) date: the date that the customer expected the order to leave
the factory and the ship complete (SC) date: the actual date that the
order left the factory. This field is used as the independent variable
for the statistical analysis.
This is a count of the number of inbound calls that came in for each
Number of Inbound Status Calls order. This field allowed me to relate the number of inbound status
calls to number of 'Days Late'.
Days Late Number of Orders Number of Cancellations % Cancels (added field)
Co0 No Co - x 100% = PoNo
Cl1 N1  C1  - x 100% = piN1
C22 N2  C2  - X 100% = P2N2
C33 N3  C3  - X 100% = P3N3
Cij Nj Ci x 100% = pi
T NNC
From these results, I analyzed the relationship between % Cancels and Days Late using JMPTM , a
statistical software package. An example X-Y scatter plot for a particular product type is shown in Figure
13 below where the independent variable is Days Late and the dependent variable is % Cancels. The
actual dataset from which the statistical fits were performed consisted of 265 entries corresponding to the
five desktop computer lines sold by Dell in the US for which data has been collected and averaged from
week 1 to week 39.
Figure 13: Percent Cancels vs. Days Late
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The transformed exponential fit: exp % cancels = A1 + A2 x Days Late (Where A, and A2 represent the
equation coefficients that are masked to maintain confidentiality), has an R-squared value of 0.82 which
indicates that this fit is a decent match to the original data points. Different attempts were made to
determine the best fit that could be used to predict customer cancellations as a function of days late and it
was concluded that the fit with the best R-squared value (most statistically significant) would be used.
Other fits that were considered included:
Other Attempted Fits Equation R-Squared Value
Polynomial fit degree = 2 % Cancels = A1 + A2* Days Late + A3* (Days Late)2  0.69
Transformed Fit Log Log(% Cancels) = A, + A2*(Days Late) 0.74
Transformed Fit Sqrt Sqrt(% Cancels) = A, + A2*(Days Late) 0.78
The transformed exponential fit relationship can now be used to predict the probability that a customer
will cancel after waiting a certain number of days.
Using the relationship defined above, the cost of cancellation can be calculated using the following
approach (note the cost of cancellation is product specific).
Days Late (j) % Cancels Cost of Cancellation per Order that is Days Late (CiL..be)
1 pi
2 P2
3 P3
j pi pj.(%T * TMUT * [#sys/ord]T+ %R * TMUR * [#sys/ord]R)
Where:
Variable Meaning
Pi % cancels for j days late
TMUT Total margin per unit for transactional customers
TMUR Total margin per unit for relationship customers
[#sys/ord]T Average number of systems per order for transactional consumers
[#sys/ord]R Average number of systems per order for relationship customers
%T % of particular LOB ordered by transactional customers
%R % of particular LOB ordered by relationship customers
CLencel Cost of cancellation per orders that arej days late
Therefore, the equation for the cost of lost profits from cancellations for each order that isj days late is:
[ Sys1  S sys]
Cjcancels = pj (%T x TMUT x # + %R TMUR x # O R
ord 7 ord a
This approximation of the cost of cancellation is undervalued because in practice, often times customers
will cancel all components of the order - not just the one system causing the delay.
Cost of Inbound Calls
When customers call Dell, this is referred to as an inbound call and there is an operational expense
incurred for each call that Dell receives. To determine the general inbound call response, I used the
original dataset defined above to summarize the total number of orders that were zero days late, one day
late, two days late etc. and compared them to the number of inbound calls that Dell received for each day
that an order was late (by zero days, one day, two days etc). It was possible to then determine the
probability that Dell would receive an inbound call for each subsequent day late. From here I could
determine the operational expense incurred by relating the probability of an inbound call to the average
cost of an inbound call.
With the dataset above, I created a pivot table to determine the total number of orders that were j days
late, where 0 < j 5 999 and the number of inbound calls that Dell received after being j days late. An
example of the pivot table output for a particular product line and particular month is shown below (data
is masked to maintain confidentiality).
Days Late Number of Orders Number of Inbound Calls Inbound Calls per Order (added field)
lBo
0 No IBo = q
No
1 N1  lB1 1, IBx = qt
IB
2 N2  IB2  B q2N 2
IB33 N3  IB3 IB = q3N3jIB N
NjI" = qj
From these results, I analyzed the relationship between the number of inbound calls per order and Days
Late using JMPTM . An example X-Y scatter plot for a particular product type is shown in the figure
below where the independent variable is Days Late and the dependent variable is the Number of Inbound
Calls per Order. The actual dataset from which the statistical fits were performed consisted of 265 entries
corresponding to the five desktop computer lines sold by Dell in the US for which data has been collected
and averaged from week 1 to week 39.
Figure 14: Inbound Calls per Order vs. Days Late
The transformed square root fit is shown below:
# In Calls
Order = B1 + B2 x Days Late
Where B1 and B2 represent the equation coefficients that are masked to maintain confidentiality. This fit
has an R-squared value of 0.78 which indicates that this fit is a decent match to the original data points.
Different attempts were made to determine the best fit that could be used to predict customer
cancellations as a function of days late and it was concluded that the fit with the best R-squared value
would be used. Other fits included Second Degree Polynomial fits, Transformed Log fits and Linear fits,
all of which yielded lower R-squared values indicating that these were not as statistically significant as
the Transformed Square Root fit.
Now that the statistical relationship between the number of inbound calls per order and the number of
days late has been defined, this relationship can be used to predict the probability of an inbound call for
each day late. The cost of inbound calls can be calculated using the following approach.
Bivariate Fit of I in Calls IOrder By Days Late
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Where:
Variable Meaning
qj # Inbound Status Calls / Order for j days late
OPEXIB Average cost of an inbound status call (including service and labor costs)
CLIB Cost of Inbound Calls per orders that arej days late
Therefore, the equation for the cost of inbound calls per order that isj days late is:
Cj = qj X OPEXIB
Cost of Concessions
To save sales after product delays, Dell may choose to offer concessions to customers. The types of
concessions offered include coupons offering a certain dollar amount off a future purchase, a "sorry"
offering which reduces the price of the current purchase, a laptop bag, or free upgraded shipping options.
The cost of concessions was calculated as a function of the cost of inbound calls based on several
previous "save the sale" studies conducted. In these studies the cost of concessions offered was related to
the number of inbound calls received, so the approach I used to determine the cost of concessions was to
use the probability of an inbound call for each day late (determined above) and to multiply that
probability with the average cost of a concession (estimate provided by the Customer Care and Finance
groups).
The approach is explained in detail below.
Days Late (j) # of Inbound Calls per Order Cost of Concession per Orders that arej Days Late (CLcohmwn)
1 ql
2 q2
3 q3
j qj qj * [Cost per Concession]
Days Late (j) # of Inbound Calls per Order Cost of Inbound Calls per Order that isj Days Late (CuLe)
1 q_
2 q2
3 q3
j qj qj * OPEXIB
Where:
Variable Meaning
qj # Inbound Status Calls / Order for j days late
[Cost per Concession] Average cost of a concession as a function of inbound status calls
CLconcession Cost of Concessions per orders that are j days late
Therefore, the equation for the cost of concession per order that isj days late is:
CjConcession = qj x [Cost per Concession]
Cost of Outbound Calls
Each time an order is delayed, Dell makes an outbound call to the customer and there is an operational
expense incurred whenever a call is made. To determine the number of outbound calls made to customers
for every subsequent day late, I used the original dataset to summarize the total number of orders that
were zero days late, one day late, two days late etc. and compared them to the number of outbound calls
made by Dell for each day that an order was late (by zero days, one day, two days etc). It was possible to
then determine the probability that Dell would make an outgoing call for each subsequent day late. From
here I could determine the operational expense incurred by relating the probability of an outbound call to
the average cost of an outbound call.
With the dataset above, I created a pivot table to determine the total number of orders that were j days
late, where 0 5 j 5 999 and the number of outbound calls that Dell made after being j days late. An
example of the pivot table output for a particular product line and particular month is shown below (data
is masked to maintain confidentiality).
Days Late Number of Orders Number of Outbound Calls Outbound Calls per Order (added field)
0 No OBo = ToNo
1 N1  OB 1  B =N1
2 N2  OB2 B2N2
3 N3  OB 3  B3 =N3
OBN j N0j OBj = r
From these results, I analyzed the relationship between the number of outbound calls per order and Days
Late using JMPTM . An example X-Y scatter plot for a particular product type is shown in the figure
below where the independent variable is Days Late and the dependent variable is the Number of
Outbound Calls per Order. The actual dataset from which the statistical fits were performed consisted of
46
265 entries corresponding to the five desktop computer lines sold by Dell in the
been collected and averaged from week 1 to week 39.
US for which data has
Figure 15: Outbound Calls per Order vs. Days Late
The results of the scatter plot indicate that the relationship is represented primarily by a stepwise function.
This can be explained by Dell's policy of automatically informing a customer of a delayed order and
providing a revised estimated ship date that is not representative of the actual factory situation. As a
result, customer expectations were not being set correctly which typically resulted in increased frustration
(particularly when customers received several automated messages informing them of yet another delay).
During my study, Dell began an initiative aimed at linking communication channels between customer
care/call centers and the factories so that accurate information was shared between the groups. By
sharing information, the call center representatives are now able to provide more accurate delivery dates
to customers' right when the order is placed. As the graph above indicates, there is already evidence that
this initiative is working by the large number of data points that are 20 to 30 days late with fewer
outbound calls.
Using the relationship above, the cost of outbound calls is determined as follows:
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Days Late (j) # of Outbound Calls per Order Cost of Outbound Calls per Orders that are j Days Late (Coe)
1 rl
2 r2
3 r3
j rj rj * OPEXOB
Where:
Variable Meaning
ri # Outbound Status Calls / Order for j days late
OPEXoe Average cost of an outbound contact (including automated dialer + labor cost for a 30 second call)
CJ_oe Cost of Outbound Calls for orders that arej days late
Therefore, the equation for the cost of outbound call per order that isj days late is:
I CosB = rj x OPEXoB
Due to the new initiative of linking communication channels between customer groups and the factories
to ensure that accurate estimates of delivery dates are communicated to the customers, the above
estimation for the number of outbound calls is overstated. These estimates can be revised once the
initiative has been widely adopted.
Cost of Likelihood to Repurchase
The cost of likelihood to repurchase is similar to the idea of lost goodwill where the impact is lost future
sales. Loss of goodwill is an intangible cost where a disappointed customer reacts in the future to change
purchasing habits leading to perturbed demand (Schwartz 1966, 538).
Estimating the cost of future likelihood to repurchase proved to be a difficult metric to quantify. Of all
methods being considered, the Deliver on Time study was the most useful at understanding the magnitude
of the situation. This study was conducted by a team of external consultants in conjunction with Dell's
DAO Customer Loyalty group and its goal was to determine the percentage of total sales opportunity that
could be captured if Dell made an improvement to its delivery targets. Unfortunately, only the results of
the study were available; the underlying data and assumptions were inaccessible.
Due to the limited time to conduct a thorough customer goodwill study, and the limited information and
data available, I was unable to develop a feasible methodology to quantify the cost of lost goodwill
(likelihood to repurchase). Given more time, or as a future study, it would be useful to estimate the cost
of likelihood to repurchase using current, accurate data. Alternate methods of estimating the cost of
goodwill are discussed in section 1.3.
The following section aggregates the costs described in this section; namely the cost of cancellation, the
cost of inbound calls, the cost of outbound calls and the cost of concessions, into a dynamic cost model
aimed at calculating the total customer Type 1 impact.
3.3.2 Aggregating Customer Type 1 Cost Factors
Initially intended for illustration purposes only, a dynamic cost model was constructed to demonstrate the
relationships between each of the Type 1 cost factors (listed in the previous section) and lateness. This
cost model calculates the financial impact on a per-part, per-product and per-facility basis; which is the
format required for the shortage penalty component of the Dynamic Replenishment optimization model.
The procedure for integrating these costs, as well as the Type 2 costs, into the material routing decision
tool is discussed in Chapter 4.
3.3.2.1 Cost Model Challenges
It was important to understand some of the complexities that exist when calculating the expected shortage
penalty on a per-part, per-day and per-facility basis. A diagram depicting these complexities is shown
below.
Figure 16: Intricacies of Quantifying the Cost of a Single Part Shortage
First, each part can be used in multiple LOBs (lines of businesses or product types) and is tied individual
LOBs with a particular attach rate. The Dell definition of an attach rate is "the percentage of systems
(LOBs) that use a specific component", which is an indicator of the importance of a part within the supply
chain; so, if a component has a high attach rate, it is more important to Dell and would cost more if it
were in backlog.
Second, the breakdown of demand from each of the two customer segments differs depending on the type
of product. For instance, a greater proportion of large business customers (relationship) will purchase
fixed workstations and servers than will home office customers (transactional). This is important because
the margin on sales differ depending on customer segment.
Third, Dell employs the concept of geo-manufacturing (building close to the customer) so the forecasts
are based on geo splits (the anticipated distribution of customer locations). The build schedule at
individual facilities is determined ahead of time by these geo-splits, which get updated regularly.
A final complexity that is not depicted in Figure 16 is the concept of material lead time which is discussed
in sections 3.3.3 and 4.1. In short, if supply is projected to be late reaching the facilities and if this delay
will affect system build, Dell may decide to extend the customer lead time on these systems.
3.3.2.2 Cost Model Construction
Once a process was developed to quantify the relevant Type 1 cost factors (section 3.3.1) and to handle
the intricacies described in section 3.3.2.1, a dynamic cost model could be constructed.
From section 3.3.1, the Type 1 costs per orders that are j days late were identified and quantified as
follows:
Cost of cancellations: Chcanceis = pj x (%Tx TMUTX [# + %Rx TMUR [# ss
Cost of inbound calls: CltB = qj X OPEXIB
Cost of concessions: C-_concession = q1 x [Cost per Concession]
Cost of outbound calls: Cj_os = rj x OPEXOB
Where:
Variable Meaning
Pj % cancels for j days late
TMUT Total margin per unit for transactional customers
TMUR Total margin per unit for relationship customers
[#sys/ord]T Average number of systems per order for transactional consumers
[#sys/ord]R Average number of systems per order for relationship customers
%T % of particular LOB ordered by transactional customers
%R % of particular LOB ordered by relationship customers
Ccancel Cost of cancellation per orders that are j days late
1j # Inbound Status Calls / Order for j days late
OPEXIB Average cost of an inbound status call (including service and labor costs)
CLIB Cost of Inbound Calls per orders that arej days late
Chi # Inbound Status Calls / Order for j days late
[Cost per Concession] Average cost of a concession as a function of inbound status calls
Cj concession Cost of Concessions per orders that arej days late
r1  # Outbound Status Calls / Order for j days late
Average cost of an outbound contact (including automated dialer + labor cost for a 30
second call)
CjLOB Cost of Outbound Calls per orders that arej days late
So the total cost per order (of a particular line of business) that is j days late is represented by the
following equation:
Cj = Cj_cancel + CLIB + Cjconcession + CLOB
Thus for each line of business:
Where:
Days Late () LOB1  LOB 2  LOB3  LOBL
1
2
3
S I CiLOB1 = C *ARI CJLOB2 = Cj * AR2  CjLOB3 = Cj AR3  CjLOBL = Cj * ARL
Variable Meaning
C, Sum of all cost factors for being j days late
CjiLOB Total cost attributed to line of business (LOBL) - in this case LOB1, for j days late
ARL Attach rate of a part to a particular line of business (LOBL)
And for each factory:
Where:
Variable Meaning
CiLOBi Total cost attributed to line of business (LOBL) - in this case LOB,, for j days late
CIFF Total cost attributed to factory F for j days late
%LOBLFF Geo split - indicates the percent of LOB L built in factory F
So for each day late (j) and for each factory (FF), the total cost of a shortage can be expressed as:
CiFF = I (CJLOBL x %LOBL-FF)
L
A sample of the cost model output is shown below. When an RNOUN (group name for similar parts
from various suppliers) is selected from the dropdown box, the results are displayed in both tabular and
graphical form.
Figure 17: Cost Model Output (Graphical Form)
Days Late (j) F1 F2 FF
1
2
3
CjF1 = [CjLOB1 * %LOBiF] + CjF2 = [CjLOB1 * %LOBiF2] + CjFF = [CjLOB1 * %LOBi_FF] +
[CjLOB2 * %LOB2_Ft] + ... + [CjLOB2 * %LOB 2_y2] +... + [CjLoB2 * %LOB2_FF] + ... +
[%LOBLF1 * CjLOBL] [%LOBLF2* CjLOBL ] [%LOBLFF * CjLOBL
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The result of the model is a cost impact distribution of a particular part for each day late across each DAO
factory. Not only is this information useful (and in the correct format) to feed the material balancing
optimization engine but this information is also useful for projects throughout Dell. Once people were
able to visualize and quantify the impact of a shortage at such a granular level (broken down by individual
cost factors), they were eager to use the model output for other supply chain and business initiatives.
The model finally answered the question: "If parts are X days late reaching the factories, how does this
affect the company financially?"
3.3.2.3 Cost Model Assumptions
Given the limited time spent onsite as well as the complexities that arose in Dell's dynamic environment,
it was necessary to make certain assumptions in order to construct a fitting model for use in the material
routing decision tool. These assumptions are listed below.
1. Only shortages that stop production and affect the bottom line are considered;
2. If an order leaves the factory a day late then it reaches the customer a day late;
3. Since Dell has many different product lines, aggregation within each of these product lines was
necessary in quantifying the impact of a product shortage;
4. Only short-term effects from the cost model feed the optimization model. The long-term effects
such as likelihood to repurchase proved to be an intangible and an inaccurate representation of
Dell's environment;
5. The cost of a part shortage, if it causes a system to miss its ship-to-commit (STC) date, equals the
cost of a system shortage (even if there are two or more different part shortages that are
preventing the system from getting built). This assumption is reasonable because once the
manual routing decision tool extends across all commodities; preemptive routing decisions will
be made by each commodity owner which will reduce overall shortages.
3.3.3 Customer Type 2 Cost Factors
As defined, Type 2 customers are those who end up not purchasing systems from Dell because the quoted
lead times are too long. These long lead times may diminish both short and long term profits should
customer choose not to purchase from Dell. The severity of the costs depends on the length of the lead
time quoted.
Short term costs are incurred by way of reduced profits from potential sales at the moment when the
customer decides not to place the order because of long wait times. Long term costs are incurred by way
of future potential sales on either peripheral components related to the current order or other system
orders.
To evaluate the short term costs, I conducted a study using historical web sale data that was tracked over
nine months (three fiscal quarters). The information for each system of interest included daily web sale
conversion rates and quoted daily lead times.
The sales conversion rate is a daily metric that calculates the percentage of visitors who purchase a
system from the website (Novak and Hoffman 1997). Conversion rates are used instead of actual sales
numbers to control for seasonality, price promotions and advertizing campaigns.
The customer lead time is the quoted time that the customer expects to wait for his or her order.
Referring again to Dell's order timeline, the lead time is the time between order entry (OE) and ship-to-
commit (STC).
Figure 18: Lead Time Depiction
Customer lead times are affected by many reasons such as payment methods that customers use to pay for
the orders (i.e. check, purchase order, credit card etc.), any factory holds that slow production, and supply
constraint issues that extend material lead time (distance between IP and TP). This study focuses on the
last case when prolonged material lead times result in extended customer lead times.
On a given day, the master scheduler for each commodity runs a simple calculation based on parts
availability to calculate the expected material lead time. An average of three days for build time is added
to this calculated material lead time to come up with a customer lead time. This customer lead time is
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then posted on the Dell order website so that customers know what to expect when placing an order. An
example of a system placed on extended customer lead time is shown in the figures below.
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Figure 19: Example of a Hard Drive Delay
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The following diagram represents the typical stages that impact the delivery date of your order.
Delays in your delivery date may be experienced due to delays with selected options or by the
shipping method chosen during checkout.
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Figure 20: Impact of Hard Drive Delay on System Lead Time
Del ro01ee119otS tWIeees iga* Huee PIeeBe.
*M.W.1hele Wtt . tkr6 tkaei, pe
P SWH TOLISTVIE
SELECT MY HARD RIVE
o 12DO oArTA Ham Dive (5tOCP4D0FMtjUI& ad 8
O lesie i0W ATAO H.d AW D -o40011oPtdy1eaoe..a $51
O Si., 280011, 8.Hatd D-. 04001kPiU) jeihn 'lI$
S 220M8 SATAtord Orso0400F0RNlAhta InPike]
( Sp..ad i180 viTA vAY 0a726JRPM)IedeeO r$153
O 9psa 2W06 BATA HýWDad -o .I7O0fPJwMid$O
New siolite wa t larsewo 12tUU e1ae0 7 0 "k1di.in
Ci Hlh e.tiaooo esee Seo006 s . orn- [am 1176 or s2llinoteh'l
oPrevioust omponent
-CIII~T-FT·~L~T.~
DQU~
~iiSr~
Fiur 19 Exml faHr 
rv ea
i BWW"M--
Bud7ne
To evaluate the Type 2 costs, I generated a dataset containing the following fields.
Field Explanation
Product Description This is the line of the business to determine which system was ordered.
Fiscal Week This is the fiscal week from which the data was collected and averaged.
The daily conversion rate is the percentage of sales made of a particular system
Conversion Rate for the number of visits to the particular system site. This rate calculates the
percentage of visitors to the website who purchase a system from the website.
This is the lead time quoted to the customer on the website (see description
Lead Time above). This lead time is the number of days between order entry and the ship-
to-commit date.
From this dataset, I analyzed the relationship between conversion rates and customer lead time using
JMPTM . An example X-Y scatter plot for a particular product type is shown in the figure below where
Lead Time is the independent variable and Conversion Rate is the dependent variable. The actual dataset
from which the statistical fits were performed consisted of 145 entries corresponding to the five desktop
computer lines sold by Dell in the US for which data has been collected and averaged from week 14 to
week 44.
Figure 21: Daily Sales Conversion Rates vs. Lead Time
The second degree polynomial: Conversion Rate = A1 + A2 x Lead Time + A3 x (Lead Time) 2
(where AI , A2 and A3 represent the equation coefficients that are masked to maintain confidentiality), has
an R-squared value of 0.81 which indicates that this fit is a decent match to the original data points.
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Different attempts were made to determine the best fit that could be used to predict customer
cancellations as a function of days late and it was concluded that the fit with the best R-squared value
(most statistically significant).
Once we understand how conversion rates drop as lead times increase (meaning that fewer people buy
systems when lead times are longer) we can determine the cost impact of this drop in conversion rate to
Dell's business. First, for each additional day of lead time, the relationship above can help us determine
the percentage drop in conversion rate associated with the additional day of lead time. We then multiply
the percentage drop in conversion rate by the average number of daily visits to the system website and by
the average margin of the system to determine the cost of lost sales due to quoted customer lead times.
This cost of lost sales opportunity is best described with an example (numbers are fictitious).
Suppose the average number of visits to a particular product site is 40,000 visits per day.
If, due to long lead times, the conversion rate drops by 0.1%, this equates to a loss of 40
sales for that day. If the margin for the product is $200, this amounts to a total of $8,000
of potential lost margin for each day the system is on extended lead time.
Now that both the conversion rate and the cost of lost sales have been identified as a function of lead
time, the resulting loss of sales opportunity as a result of increased lead time can be plotted alongside
conversion rates.
Figure 22: Impact of Lead Time on Sales Conversion Rates
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To construct the statistical model above, I made the assumption that the quoted lead time to the customer
is the only factor that influences conversion rates. In reality, the quoted price also impacts a customers'
decision to buy - and thus, conversion rates. When tracking the daily price information of each system
alongside conversion rates and customer lead times, I observed that the price fluctuated greatly over the
study period (for some systems, the price changed by over 275%). There are two major reasons that can
explain the wide price fluctuations. The first is the fact that Dell sells customized products which means
that the quoted price is a function of the options that have been selected with the system such as processor
speed, memory, video cards, wireless cards and operating systems. If Dell happens to be promoting a
particular option, then this would affect the overall price of the system. The second reason to explain
price fluctuations stems from the fact that each desktop line is comprised of several desktop families
which target different customer preferences. Midway through my study, Dell introduced a new desktop
line to target more price-sensitive customers and, as a result, many customers who would have originally
bought the lower-end desktop families from existing desktop lines elected to buy systems from the new
desktop line. This, in effect, increased the average selling prices of the original desktop lines since now, a
larger proportion of the higher-priced families are being sold.
The fact that prices for the same systems fluctuated widely for various reasons over the study period
implies that the average selling price of a desktop line cannot be used as a stable, independent variable,
and so was ignored for this study.
The Type 2 customer cost estimates are undervalued because, in addition to losing the current sale
(profit), companies will also lose profits on any additional systems, peripherals, support and maintenance
related to the order. There are also intangible costs to consider such as the cost of future sales related to
the order and the cost of lost customer goodwill that may affect future profits.
3.4 Quantification of Factory Costs
The factories experience the pressure of a shortage when missing supply prevents the factories from
building scheduled orders. The two main factors that drive factory costs are downtime and overtime. The
process flowchart in Figure 23 establishes the instances of these two factors.
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Figure 23: Factory Decision Tree for Part Shortages
If the factory recognizes that a part is missing for a scheduled order, the production control team checks
inventory for a deviation (substitute) for that part. If there is a deviatable part, the order will be built
using the substitute and no cost is incurred. If there is no deviation available, production control checks if
the order is at risk of missing the ship-to-commit (STC) date. If the order is at risk and there are parts
available at another Dell facility, the factory will either request a transfer of the required parts or will
move the order to the other facility to be built. The latter option affects outbound shipment cost to the
end customer because the build schedule is based on geo manufacturing - building close to the customer.
If orders are not at risk of missing STC then the factory checks the ATB (available to build) situation to
see if there are other orders in the schedule to build (that have all required parts). If there are enough
orders to keep the factory busy for the remainder of the shift (assessed by comparing ATB to factory
capacity), the factory will continue to build other orders in ATB. If there are not enough orders to keep
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the factory busy, the staff will either wait for the parts to arrive (factory will continue paying its
workforce) or will be sent home until the next shift (downtime costs incurred).
After discussing the details of the decision tree (Figure 23) with several employees from the Ops Cell, it
was evident that many decisions are execution decisions and are therefore made on-the-spot when
required. This made it virtually impossible to accurately predict the factory ATB (available to build)
situation three weeks into the future (which is the required planning horizon for the Dynamic
Replenishment optimization model). The factory is in a constant state of flux and execution decisions are
made on a daily basis which would render the prediction invalid.
Several approaches of quantifying the cost of part shortages to the factories were developed and tested but
none of these approaches allowed me to accurately develop a methodology to predict the factory costs;
particularly for a three-week planning horizon. Also, each of these approaches required simplifying
assumptions which rendered each solution unrealistic. Examples of these assumptions include: during
normal operation, the factory is assumed to be staffed ideally for perfect supply; and when a factory is not
working at 100% capacity, it is losing money.
One point to note is that, even when analyzing the results from these simplified approaches; it was evident
that the magnitude of the factory costs compared to the customer costs was significantly less. Given more
time, it would have been useful to explore this further.
Chapter 4 Project Impact
This chapter discusses the impact of this study on the World Wide Procurement Team; particularly in
regards to the Dynamic Replenishment project. The chapter then highlights the impact of this study on
other business processes across Dell's organization.
4.1 Dynamic Replenishment - Structural Impact
This study has provided valuable insight into how Dell is affected by part shortages. The major results of
this study are:
* A method to quantify Type 1 and Type 2 shortage costs;
* A method to calculate customer lead time (CLTt) in precisely the same manner in which it is
calculated elsewhere within Dell;
* A method to determine Xi: the number of orders that came in on day t that only have
inventory availablej days later.
Once the methods were developed, the optimization model was modified to incorporate a more accurate
estimate of shortage costs in its objective function. The model can now be used to automate the Dynamic
Replenishment routing decision process which eases the time and burden currently placed on the WWP
organization as a whole and on the routing analyst in particular.
A method of quantifying Type 1 and Type 2 costs has already been described in section 3.3. The methods
of determining customer lead time (CLT,) and XI' are explained below, followed by a depiction of the final
optimization model structure.
Concept of Customer Lead Time (CLT4)
As mentioned in section 3.3.3, the customer lead time is the quoted time that the customer expects to wait
for his or her order (the difference between the order entry date and the ship-to-commit date). John
Foreman, a graduate student at MIT helped to develop a procedure to integrate the customer lead time
calculation into the model in precisely the same manner in which it is calculated elsewhere within Dell.
As discussed in section 3.3.3, this is important because the customer lead time is a quote to the customer
and it is this number that results in lost sales. The complete formulation of the above procedure can be
found in (Foreman 2008) and the resulting equation is:
CLTt = inf(k E N: St+k - dt) (Foreman 2008)
The equation above calculates customer lead time on day t, CLT, by determining the smallest k such that
cumulative supply St+k, on day t+k, is greater or equal to cumulative demand d, on day t. This customer
lead time calculation assumes that orders are processed in a FIFO (first-in first-out) manner.
Concept of X/
Xj' is the number of orders made on day t that only has inventory available j days later. J6r6mie Gallien
assisted with the mathematical formulation of X' that is used in the optimization model. This procedure is
summarized below and a more detailed derivation can be found in (Foreman 2008).
First, let It be the predicted inventory level of a given part in one site at the
beginning of day t, where the current date corresponds to t = 0 (when this is
negative it represents backlog instead). This quantity follows the inventory balance
equation:
It+ 1 = It - d t + st
where d, is the predicted demand occurring during day t and s, is the predicted
incoming supply during day t.
Second, Xi', the total number of parts which were ordered on day t, and
subsequently delivered with j days of delay, represents any initial backlog and is
related to the previous quantity through:
T
t=-1
Third, Ni' is the number of parts ordered on day t and subsequently delivered with j
days of delay or less, and relates to Xj' as follows:
Xt = Nt - N forj 1> 0
with N.I t = 0 by convention, i.e. Xo' = No' , implying that No-' = BL (backlog) by
definition.
The key assumption here is that the backlog of orders is treated on a first-in first-
out (FIFO) basis. This implies:
Xt = min(dt, (It + st)+) for 0 5 t < T
where, (I, + s,)+ represents the available on-hand inventory available at the end of
day t, and (I, + s,)- represents the backlog at the end of day t, so that Xot (orders
that arrived on day t which were fulfilled the same day) is the minimum of d, (all
orders which arrived that day) and (I, + s) +. In other words, according to the FIFO
assumption, the orders that arrived on day t can only be worked on if the backlog
of orders from all previous days has been resolved entirely. Likewise, none of the
orders arriving after day t are fulfilled until all of the d, orders are complete, so that
Nt = min dt , It + sk for 0• t < T
k=t
Where Z. Sk is the cumulative supply from day t to day t + j. Substitution yields
the resulting equation for Xjt:
St+ j +t+ j- 1+XJ = min (t, It + Sk - min dt, It + sk for j > 1
k=t k=t
Objective Function Construction
Now that both customer lead time (CLT,) and XJ have been defined and the shortage costs have been
quantified, the Dynamic Replenishment optimization model, initially described in section 1.2.2, can be
revised with shortage penalty that accurately reflects Dell's dynamic environment.
Customer Type I Costs:
Cj-cTrt, where j-CLT, is the number of days that the order is late, reflects the Type 1 costs that were
evaluated in section 3.3.1. These are the costs associated with orders that are late to the customer - thus
the orders missed their ship-to-commit (STC) date.
To integrate the Type 1 costs into the objective function, these costs are multiplied by E [XL], the expected
value of X/' which is the number of orders that came in on day t that only have inventory available j days
later. The Type 1 cost component of the objective function is shown below.
(Ea[X] x CXate
t,j
where CLT, and Xj' are decision variables within the model.
Customer Type 2 Costs:
As described in section 3.3.3, the customer Type 2 costs, the costs of lost sales by those customers who
are unwilling to wait for the quoted lead time to receive their systems, are calculated by multiplying the
marginal drop in conversion rate due to increased lead times by the profit margin of the system.
For every day that CLT, increases, Dell loses a percentage of potential sales, r x dt, where r is the
marginal drop in conversion rate due to increased lead times (this is the slope of linear fit of the
conversion rate vs. lead time curve shown in the figure below),
Figure 24: Impact of Lead Time on Conversion Rates - Linear Fit
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and dt is the demand at time t. The Type 2 cost component of the objective function is shown below.
(rx dt x CLTt x margin)
t
Revised Objective Function:
The Type 1 and Type 2 costs, customer lead time (CLT,) and Xjt serve as inputs to the revised objective
function that can be described schematically as follows (Foreman 2008):
Minimize Objective:
1. Transportation costs +
2. Expected shortage costs where:
Expected shortage costs = >(r x dt x CLTt x margin) + (E(X ) x -CLTe,)
t t,j
By Changing Decision Variables:
1. Container diversions;
2. Container expedites (rail, single truck, team truck);
3. Part transfers (full truck, red ball, airfreight);
Subject to Constraints:
1. Container location (diversions, expedites);
2. Transportation delays and schedules;
3. Inventory availability (transfers);
Where, CLTt and X{ are decision variables within the optimization model (explained above), r is the
marginal drop in conversion rate due to increased lead times (slope of the line in Figure 24), and
dt is the demand at time t.
4.1.1 Case Study
Before a method was developed to quantify the cost of customer lead time and the cost of late delivery
dynamically (meaning that the magnitude of the shortage penalty increases as a function of the number of
days late), The Dynamic Replenishment tool was used to make transfer suggestions by applying a fixed
shortage penalty to the number of shortage days (the number of shortages times the length of time of the
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shortage) without considering the duration of each shortage. The result was that the model considered a
shortage of 1,000 units for I day equivalent to a shortage of 100 units 10 days. As discussed in section
1.2.2, the consequences of these two cases are very different. The following example explains how the
updated costs can improve a routing analyst's transfer decisions. Note that the example only includes one
facility. In actuality, the routing analyst looks at all four DAO facilities when considering routing
decisions.
Example:
The routing analyst is faced with a decision of whether to expedite supply or to transfer supply from
another facility to avoid an imminent shortage. The image below presents a simplified example of the
balance tool that the routing analyst uses to foresee the shortage situation above. Note that routing
decisions attempt to maintain Days Sales in Inventory (DSI) levels over -8 days to account for demand
variability.
putXYZ DAY 0 i 2 3 4 1 5 71 8 9 1 11 1 2 1 14 15 16 17
ON1 1,751 Deman(d) 445 445 445 445 445 5 445 445 445 445 445 445 445 445 445 445 485
SLC 0
BIL 0
b AVL 1,751 AVL (Inventory) -445 -890 -1,33 488 43 -402 -847 2.110 1,665 1,220 775 330 -115 2.842 2,397 1,952 5,827
Deivery (s) 2266 3402 3402 4320
Late Sup 0 DELTA (AVL-d+s) -446 -8 -1,336 4 66 43 402 -W 2,110 1,66 1,220 77 330 -116 2,42 2,•7 1,962 6,627 5,342
51 DS4.7 3.1 2.7 64 6.4 4.4
CLTt 1 12 11 10 9 8 10 9 8 7 6 9 5 7 6 7 6 5
Figure 25: Balance Tool Example
In the above figure, CLT, is the lead time quoted to the customer on day t, NOH is the available net on-
hand inventory at Factory 1; SLC is the available inventory in the nearest hub (SLC) to Factory 1; B/L is
the number of units in backlog; AVL is the current inventory position which, as defined in section 2.1, is
equal to: NOH + SLC - B/L, and if AVL is negative, this represents a shortage; Delivery represents the
incoming number of units being delivered (supply); DSI is the Days Sales in Inventory which is a metric
that indicates the number of days that inventory is available on hand and in the SLCs. This quantity is
calculated by the inventory count of a part divided by the daily forecasted sales for that part.
The balance tool above shows that if nothing is done to replenish inventory then Factory 1 will remain in
shortage until Day 16. Clearly, material needs to be expedited or transferred into Factory 1 to avoid the
serious consequences of the shortage, but up to how much should Dell spend in transferring supply?
Applying the concept of XjI as described in the previous section, the model is able to determine the actual
number of shortage days as well as the duration of each shortage. The Type 1 customer costs can then be
used to determine the magnitude of the expected shortage penalty that is due to Type 1 customer costs.
This can be seen in the figure below (some of the rows and columns have been hidden for ease of
viewing).
_I
Part # XYZ
NOH 1,751
BIL 0
AVL 1,751
Late Supply 0
2 1 13 I 14 15 1 6 1 1
445 445 445 445 445 485 48
330 -115 2,842 2,397 1,952 5,827 5,342
3402 4320
-1s 2,842 2,37 1,952 5,827 5,342 4,857
8 7 6 7 6 5 4
WIXtl x Type 1 Costs/Part Type I Costs
j=0 229.53 380.02 356.37 331.70 426.61 453.79 439.23 7972.82 $ - $
j=1 171.80 0.00 0.00 102.47 0.00 0.00 0.00 968.36 $ 0.18 $ 170.41
j= 2 0.00 0.00 83.01 0.00 0.00 0.00 19.54 881.14 $ 0.37 $ 322.82
j=3 0.00 62.51 0.00 0.00 0.00 14.82 23.07 1033.19 $ 0.57 $ 590.04
j=4 42.80 0.00 0.00 0.00 9.64 14.96 2.98 296.90 $ 0.79 $ 234.81
j=5 0.00 0.00 0.00 6.25 8.22 1.38 0.00 170.36 $ 1.03 $ 174.85
j= 6 0.00 0.00 3.56 4.40 0.52 0.00 0.00 78,42 $ 1.29 $ 101.25
j= 7 0.00 1.72 2.01 0.18 0.00 0.00 0.18 33.16 S 1.57 $ 52.01
j= 8 0.66 0.75 0.05 0.00 0.00 0.05 0.00 8.79 $ 1.86 $ 16.32
$ 1,666.61
Figure 26: Application of Type 1 Costs
The matrix of numbers under the balance tool in the figure above contain the IE(X) values for parts that
are j days late for every day t, for instance, 102.47 represents the expected number of parts that will be
one day late reaching the customer. The "t Xt" column is the total number of parts in the time horizon
that will be j day late. The "Type 1 Costs/Part" column lists the Type 1 shortage costs for this particular
part (data is fictitious to preserve confidentiality). The 'Type 1 Costs" column is the total Type 1
shortage penalty cost which is the boxed term in the Expected Shortage Cost equation below.
Expected shortage costs= (r x d x CLTt x margin) + (E(X J_) CLte
t ti
In the example above, the total expected shortage cost attributed to Type 1 Costs amounts to $1,667.
Now, to apply the Type 2 costs we use the boxed term of the Expected Shortage Cost equation below.
DAY:
Demand (d)
AVL (Inventry)
Delivery ()
DELTA (AVL-d+s)
DSL
CLT,
!
Expected shortage costs = I(r x dt x CLTt x margin) + (E(Xj) x y-CLTt)
t t,j
The Type 2 costs are shown on the figure below (some of the rows and columns have been hidden for
ease of viewing). CLTt is the lead time quoted to the customer on day t (the equation can be found in
section 4.1), r is the marginal drop in conversion rate due to increased lead times (this is the slope of
linear fit of the conversion rate vs. lead time curve explained in the section above), dt is the demand at
time t, and Margin $/system is the average profit margin of the corresponding systems that will use this
particular part.
Part # XYZ
NOH 1,751
SLC 0
BIL 0
AVL 1,751
Late Supply 0
DAY:
Demand (d)
AVL (inventoy)
Delvery (s)
DELTA (AVL-d+s)
DOI
CLIT
r
Margin $isystem
Type 2 Costs
12 13. 14I IS 16 17 18 1
445 445 445 445 445 485 485
330 -115 2.842 2,397 1,952 5,827 5,342
3402 4320
-115 2842 2,397 1962 5821 57342 4867
6A 5A 4A
8 7 6 7 6 5 4
0.002 0.002 0.002 0.002 0.002 0.002 .o002
5 50o 5o 5s so 0 so s so so 50
$ 302.60 $ 264.78 $ 226.95 $ 264.78 $ 226.95 $206.13 $ 164.90
Figure 27: Application of Type 2 Costs
In the example above, the total expected shortage cost attributed to Type 2 Costs amounts to $6,161
(these numbers are all fictitious to preserve confidentiality).
Now that we know the Type 1 and Type 2 cost components, we can add these two cost contributions
together to yield the total expected shortage cost for this time horizon ($1,667 + $6,161 = $7,828). This
means that Dell has up to $7,828 to spend in transportation cost to avoid this particular shortage situation.
As previously mentioned, this example only reflects a single factory. If all four DAO factories were
considered, the amount of money available to spend on transportation to avoid the potential shortage
penalty would be much higher.
4.1.2 Sensitivity Analysis
If a similar shortage situation occurred for a part that was tied to a greater number of systems, particularly
higher margin systems, then this would affect both the Type 1 and Type 2 cost components of the Total
Expected Shortage Cost constituent of the objective function. The Type 1 costs would be affected
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because the "Type 1 Costs/Part" column would contain values that reflect higher shortage penalties as
shown in the figure below.
Part # XYZ
iOH 1,751
SLC 0
BIL 0
AVL 1,751
Late Supply 0
12 13 14 I U 1 17 I I ,
445 445 445 445 445 485 485
330 -115 2,842 2,397 1,952 5,827 5,342
3402 4320
-11 2,842 2,397 1,92 527 5,342 4,r45
8 6. 54 4.4
a 7 1 6 7 6 5 4
W IXJ' Type 1 Costs/Part Type 1 Costs
j =0 229.53 380.02 356.37 331.70 426.61 453.79 439.23 7972.82 $ - $-
j= 171.80 0.00 0.00 102.47 0.00 0.00 0.00 968.36 $ 0.20 $ 192.28
j = 2 0.00 0.00 83.01 0.00 0.00 0.00 19.54 881.14 $ 0.42 S 372.37
j= 3 0.00 62.51 0.00 0.00 0.00 14.82 23.07 1033.19 S 0.67 $ 688.28
j=4 42.80 0.00 0.00 0.00 9.64 14.96 2.98 296.90 $ 0.93 $ 277.08
j= 5 0.00 0.00 0.00 6.25 8,22 1.38 0.00 170.36 $ 1.22 $ 208.65
j= 6 0.00 0.00 3.56 4.40 0.52 0.00 0.00 78.42 $ 1.56 $ 122.32
j = 7 0.00 1.72 2.01 0.18 0.00 0.00 0.18 33.16 $ 1.91 $ 63.35
j=8 0.66 0.75 0.05 0.00 0.00 0.05 0.00 8.79 S 2.28 $ 20.07
S 1,949.4
Figure 28: Sensitivity Analysis for the Application of Type 1 Costs
In this case, a slightly more "important" part increases the Type 1 cost component by almost $300 (from
$1,667 to $1,950).
The impact to the Type 2 cost component would originate from the different average "Margin $/system"
values. If the average margin of the attached systems is higher, this would increase the Type 2 costs as
shown in the figure below:
Part # XYZ DAY: 12 13 14 15 16 17 18
NOH 1,751 Demand (d) 445 445 445 445 445 485 485
SLC 0
BIL 0
AVL 1,751 AVL (Inventory) 330 -115 2,842 2,397 1,952 5,827 5,342
DeIvery (s) 3402 4320
I.
Late Supply 0 DELTA (AVL-d+s) -15 2,842 2,397 1,952 5,827 5,342 4,857
DSI 6A 5A 4A
CLTt 8 7 6 7 6 5 4
r 0.002 0.002 0.002 0.002 0.002 0.002 0.002
Margin $/system $ 100 $ 100 $ 100 $ 100 $ 100 $ 100 $ 100
Type 2 Costs $ 605.20 $ 529.55 $ 453.90 $ 529.55 $ 453.90 $ 412.25 $ 329.80 $ 12,322A5
Figure 29: Sensitivity Analysis for the Application of Type 2 Costs
U.
DAY;
Demand (d)
AVL. (Inventry)
Deyvery (s)
DELTA (AVL-d+s)
DSI
CLt,
Increasing the margin per system from $50 to $100 doubles the Type 2 cost component (from $6,161 to
$12,332).
This sensitivity analysis proves that the shortage costs are dynamic and so it is incorrect to consider them
as fixed. It also proves that it is incorrect to apply the same shortage penalty across all parts. These
shortage costs depend on many dynamic factors such as the demand for the part, the quoted lead time of
the attached systems, the daily average margins of the systems, the number of different systems that the
parts are attached to, and from which factory the system is being built.
4.2 World Wide Procurement - Organizational Impact
Dell's supply chain organization has become much more complex in recent years, and material balancing
processes in particular have become quite cumbersome. As Amy Reyner stated in her study (Reyner
2006), up to five departments have a stake in managing material imbalances which has proven to be both
a coordination and ownership challenge. By automating the material balancing process (by integrating
the shortage costs in the optimization engine), department functions and responsibilities will become
much clearer and thus the time spent on material balancing tasks will become more efficient.
The automated decision process eases the burden placed on the routing analyst, who, at one time, had to
weigh the pros and cons of each transfer decision. This manual decision process was substandard for the
following reasons:
* Decision complexity -high number of possible routing choices;
* Human decision making is sub-optimal, inconsistent, and not scalable;
* Desired decision frequency is not achievable by an analyst.
For the procurement business operations as a whole, this project offers legitimacy to the daily expedite
spend. What has lacked previously was procurements' ability to understand the impact of those expedites
before executing, and manage their bottom line in the most efficient manner. By integrating the shortage
costs into the Dynamic Replenishment structure, the procurement organization will have the ability to
understand their return on investment pre-execution and can work with their internal customers to make
the decision with the most economic value to Dell. This integration will also enable additional
enhancements in the future which include the ability to track decisions over time and work on continuous
improvement initiatives.
A second business benefit is the potential savings that will result as more proactive re-routing decisions
are made using the automated routing decision tool. The cost to proactively re-route a container was
minimal (a nominal fee for changes to the bill of lading), while the cost of a single truck for a site-to-site
transfer would average 10 to 13 times the diversion fee, and could range to 50 times the diversion cost
depending on market conditions. These transfer costs could become significant, as multiple trucks are
often required for a single part transfer (especially for larger parts).
An obvious third anticipated benefit from this project is an overall reduction in the number of avoidable
part shortages in Dell's supply chain due to the now trusted and automated proactive material balancing
tool. Clearly, fewer part shortages will lead to lower inbound and outbound transportations costs:
inbound costs include transferring or expedite parts between facilities, and outbound costs include
expediting finished products out to the customers. Also, as the results of this study have shown, fewer
part shortages in the factories will increase the probability of delivering end products to customers on-
time, thus reducing Type 1 costs.
4.3 Impact on Other Business Processes across Dell
By creating a process to quantify the financial impact of material shortages and subsequent product
delays, this study can also be used for other business processes across the organization. The impact of
these costs on other business processes decisions are discussed below.
Impact to the Customer Experience Business Processes
By isolating the various cost factors into individual contributors, cost tradeoffs of various policy decisions
can be explored to maximize the benefit to both Dell and its customers. For instance, the following graph
is a breakdown of the Type 1 customer costs incurred during a product delay.
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Figure 30: Breakdown of Customer Type 1 Costs
As shown, the relative amount of money spent on concessions is significantly less than the amount of
money lost due to cancelled orders. This visual representation of costs allows the customer experience
teams to re-evaluate the timing of offering concessions in order to save the sale. The idea would be to
offer customer concessions earlier to avoid cancellations as well as any long-term effects of lost goodwill.
Obviously, there is a cost tradeoff to these decisions which would be interesting to explore in a future
study.
Impact to Retail Teams
As Dell moves into retails channels, the shortage costs defined in this study can be used for Dell's
inventory management strategies while considering economic ordering quantities or the balance between
the cost of holding inventory and the cost of stockouts. For instance, if the holding cost per unit is
$3.00/unit but the shortage cost (the cost of not having enough units in stock) is $5.00/unit, then Dell
should consider holding more inventory to avoid potential shortage costs. The dynamic nature of the cost
model could allow the retail teams to see how many days of stockout are acceptable for a particular
service level. Looking at the graph below (fictitious data), if the inventory holding cost is $3.00/unit then
the store could be short about five days before the shortage costs exceed inventory holding costs. Again,
this depends on the customer service level decided upon.
Cost of a Unit Shortage
Figure 31: Hypothetical Cost of a Unit Shortage
Should alternate cost factors be necessary for evaluating shortage costs for the retail business, this study
proposes a method of doing so. This study also proposes a method of aggregating the cost factors into a
cost model.
Impact to the Factories
This study proposes a method of breaking shortage costs down to the factory level. When such
comprehensive information is available, the factories (via the Ops Cell) can use the information to
schedule where to build customer orders during anticipated shortage situations. For example, as shown in
the graph below, if the Ops Cell is aware that shortages from Factory 1 are more financially severe than
those from Factory 3, the Ops Cell will coordinate with the procurement team to move all orders that
require the part on shortage to Factory 3 until Dell determines the cause of the shortage.
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Figure 32: Shortage Cost Distribution per Factory
Impact to the Center of Competence (CoC)
Now that the Type 2 customer costs have been quantified, the CoC is better equipped to determine the
length of time that systems should be placed on extended lead time.
Section 3.3.3 explained the daily cost of lost sales resulting from increased lead times. This information
can also be used to determine the total lost sales opportunity for the duration of a system on extended lead
time. The graph below shows this effect of extended lead time duration on lost sales opportunity. For
example, a system that is on six day additional lead time (STD + 6 days) for three days has a lesser total
financial impact then if it were on that that same lead time for 20 days (indicated by the positive slope).
Also, a system that is on a ten day additional lead time (STD + 10 Days) has a much greater financial
impact than if this same system is on a two day additional lead time (STD + 2 days).
This information may also help the CoC make more effective demand shaping action decisions. For
instance, if the CoC receives notice that a part will be on a lead time for ten days, then, instead of
allowing customers to observe this delay on the website, the CoC should point customers away from these
products towards other similar products (in essence, shaping demand for an alternate product until the
shortage has been filled).
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Figure 33: Effect of Lead Time Duration on Lost Sales Opportunity
The information contained in Figure 33 can also help drive routing decisions within the supply chain. If it
is apparent that Dell could possibly lose $700,000 in lost profit opportunity if a system remains on 10-day
extended lead time for 20 days, it would make the decision to expedite supply for $30,000 in order to
close the shortages that are driving the extended lead time5.
Summary
In short, this study has forced various teams to be cognizant of the impact of shortages on their individual
businesses and to Dell's business as a whole. The ability to breakdown costs into their individual factors
permits each division to identify opportunities for improved decision-making and enhancing their bottom
line.
5 The numbers used in this example are for illustration purposes only.
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Chapter 5 Project Recommendations and Conclusion
5.1 Recommendations
Now that a process has been developed to determine the shortage cost on a per part, per facility basis that
is scalable to other commodities, the resulting shortage costs can be used as the balancing mechanism
against the known expedite costs when making material transfer decisions. The benefits of this study
have been discussed in the previous section. Although there are significant benefits, this study has
revealed that, even a great company like Dell, who is considered as the supply chain poster child, is not
without challenges. Several recommendations to handle these challenges are proposed below.
1. Standardize a process to document knowledge and metrics (cost per call, cost for concessions,
past study results) by creating a central repository for company-wide information. Due to rapid
growth, many of Dell's business groups were forced to develop their own proprietary processes
for conducting business. As a result, it proves difficult to locate the most accurate and up-to-date
information and to formulate the correct assumptions when making business decisions across the
company. Although this is an extremely common challenge across growing companies, many
tools exist to successfully manage this effect of growth. Dell has already begun its pursuit of
managing company-wide data by hiring Stephen F. Schuckenbrock as chief information officer
(CIO). "As CIO, Mr. Schuckenbrock's responsibilities span Dell's global information systems
and technology infrastructure. His dual roles provide greater insight into how to architect services
and solutions that will help simplify IT for customers and for Dell"6.
2. Introduce a formal linking mechanism between required groups to manage material balancing
tasks effectively. The weekly look-ahead meeting is an on-going, integrated process that involves
members from each of the groups (procurement, demand/supply, production control). This task
force works together to deal with existing and imminent shortage situations. One
recommendation is to introduce this project to the look-ahead team so that they all understand the
benefits of an automated routing decision system and will hopefully 'buy-into' the change once
they realize that it will eliminate many of the arduous tasks in order to prepare for this weekly
meeting. If a linking mechanism is not established between these groups then there is risk that
only the Procurement team will fully adopt the decision tool.
6 http://www.dell.com/content/topics/global.aspx/corp/biographies/en/stephen-schuckenbrock?c=us&l=en&s=corp
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3. Explore the source of supply shortages. While mitigating the effect of part shortages (via
Dynamic Replenishment) is one possible strategy, the problem with taking a purely quantitative
financial approach is that someone could use the data to justify being late, which would be the
wrong way of thinking. It would be worthwhile to determine the reason why shortages are
occurring in the first place. There are many hypotheses to why supply shortages occur. Several
possible reasons include inaccurate site-level forecasts, supplier's suspicion of demand forecasts,
problems with the logistics network etc. Now that the cost of being late has been quantified, these
costs can help drive future initiatives for root-cause analyses.
4. Possible future studies to determine the cost of customer goodwill accurately and the cost to the
factories on a per-part, per-facility, and per-day basis. Due to the limited time spent on this study,
I was unable to develop effective methods for evaluating and predicting the true factory costs and
the long-term costs of lost customer goodwill. If an accurate method of quantifying these costs
over a two-week planning horizon is discovered, then these costs can substantiate the estimated
shortage cost component of the Dynamic Replenishment optimization model.
5.2 Conclusion
Part shortages are essential indicators of Dell's success as the company prides itself on customer service
and on-time deliveries. Accurate estimates of the financial impact of these shortages allow the firm to
make more informed and financially stronger decisions while reducing the number of shortage
occurrences within its supply chain. This thesis presents a process that uses historical customer response
behavior to help the firm quantify the impact of part shortages and subsequent product stockouts. Once
quantified, these costs are combined to form the "shortage penalty" used to drive optimal material routing
decisions throughout Dell's supply chain.
This study was conducted during a worldwide industry shortage crisis which, coincidentally, helped focus
resource attention to the project's initiative. The results of the study can facilitate a deeper understanding
of the impact of shortages on the business. The examples in this paper illustrate that knowledge is power;
now that the company is able to visualize the contributions of individual cost parameters, more informed
decisions can be made in areas of supply chain, operations, customer care, and business strategy.
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Appendix A Glossary
Available to Build - The number of orders in a factory that have allATB
required parts available to start build.
The percentage of Dell systems that use (or are "attached" to) a
Attach Rate particular component. This is an indicator of the importance of a part
within the supply chain. If a component has a high attach rate, it is more
important to Dell and would cost more if it were in backlog.
Center of Competence - This department is the bridge between sales
and manufacturing at Dell (See section 3.1 for responsibility description).
COS Continuity of Supply -The process by which demand is matched with
supply
Conversion Rate The percent of web views that convert to actual purchases
Customer Experience - A Dell fulfillment group responsible for ensuring
CE on-time customer deliveries (See section 3.1 for responsibility
description).
Dell Americas Operations - There are four US manufacturing sites: two inDAO Austin, TX, one in Nashville, TN and one in Winston Salem, NC.
A process of re-routing ocean-shipped material to an alternate
destination, at the latest possible moment (72 hours before material
Diversion arrives at the US port). The cost of this action was a minor per-
transaction fee (where a single transaction may involve multiple
containers on the same ocean carrier).
Days Sales in Inventory - This metric indicates the number of days that
inventory is available on hand and in the SLCs. This quantity is calculated
DSI by the inventory count of a part divided by the daily forecasted sales for
that part. For example, if Dell has 500 of Part A and average forecasted
demand over the upcoming week is 50/day, then it has 10 DSI of Part A.
A process of shipping material to its destination by truck rather than railExpedite in order to expedite its arrival at a facility.
Dell's strategy of building closer to the customer in order to reduce theGeo-Manufacturing
risk of delays.
The anticipated distribution of customer locations. These splits are used
for forecasting parts.
In Production - On Dell's order timeline, IP indicates that the customer
IP
order payment has been processed and is ready for build.
The number of days that a part is late reaching the factory or that aLateness
system is late reaching the customer.
Customer Lead Time This is the quoted time that customers expect to wait for their orders.
Line of Business. In this document, LOBs are also referred to as 'systems'
LOB
or 'products'.
Likelihood to Repurchase - This is a measure of customer goodwill which
LTR indicates the probability that a customer will repurchase from Dell in the
future.
Manufacturing Cycle Time The standard time that the factory takes to build the system.
OE Order Entry - this is the date when the customer places the order.
A consolidated production control group responsible for all DAO
Ops Cell manufacturing facilities. (See section 3.1 for responsibility description).
Part The components used to build systems (also called commodities).
RNOUN Dell's term that groups similar parts from various suppliers
SC Ship Complete - the date that the customer order is shipped
Supply Chain Command Center - A consolidated logistical operations
SC3 team that is responsible for carefully tracking and reporting the status of
incoming supply and initiating corrective actions when issues arise.
Shortage Insufficient quantities on hand or in the SLCs to cover the order backlog
SLC Supplier Logistics Centers -third party logistics centers (inventory
warehouses) located within walking distance of the factories they supply.
STC Ship To Commit - This is the date that Dell committed to ship the order
out to the customer.
Standard Lead Time - Each LOB has a specified standard lead time whichSTD LT depends on its manufacturing cycle time.
A method of expedited delivery whereby two drivers split the shift soTeam Truck that the truck is continuously moving.
Traveler Pull - on Dell's order timeline, this is when all parts become
TP available to build the order (once the order payment has been
authorized).
Site-to-site material movements that occur when inventory has become
Transfer unbalanced. This type of transaction is the most common is also very
expensive (about 10 to 13 times the cost of a diversion for a single truck).
Vendor Managed Inventory -The idea that a supplier owns its inventoryVMI
until it is inside Dell's factory.
World Wide Procurement. This group is responsible for the high-level
WWP design and strategic management of the entire supply chain. (See section
3.1 for responsibility description).
Extended Lead Time - at times, Dell must set commodities or systems onXLT
extended lead time, which is greater than typical standard lead time.
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